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I. 0 BJECTIVE 

The objective of this  program is the development of a Schottky cold cathode 

sui table  for installation a s  a n  electron beam source in  an  ultralow-noise 

traveling-wave tube, arid the  development of a 6 Gc traveling-wave tube 

adapted for using this  cold cathode. The cathode development t a s k  is 
being performed by Stanford Research Insti tute and the responsibil i ty of 

the entire program and of the traveling-wave tube development r e s t s  with 

Microwave Electronics Corporation. 

- 
Particular t a sks  include the identification a n d development of material 

technology, fabrication techniques,  and emiss ion  t e s t s  (SRI), and the life 

tes t ing,  development of processing and bake-out. techniques,  and integra- 

t ion of the cold-cathode emitter into a TWT vacuum envelope with known 

low-noise character is t ics  when operated with a thermionic cathode. 

The ultimate objective is the delivery t o  N A S A  of a cold-cathode 6-Gc 
traveling-wave tube with a l-milliwatt saturated power output level de- 

rived from a beam current of 150 microamperes, and a n  objective noise 

figure of 3 db. 

11. PROGRESS DURING THIS REPORT PERIOD 

Task 1: Development of Cold Cathode 

Progress on this  task  is described in  the attached SRI Monthly Progress 

Report. 

Task 2 : Development of Cold Cathode Processing Techniques 

This t a sk  has  been completed and is awaiting successfu l  achievement 

of cold-cathode emissicn.  
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Task 3 :  Traveling-Wave Tube Design 

The TWT was  designed and will  be fabricated during the ensuing month. 
Analysis of the electron gun, utilizing a computer, was performed. Cal- 

culation of the beam profile and axial  potential profile was accomplished. 

Noise figure calculat ions indicated high noise figures for this  design,  but 

based upon the beam profile configuration, low noise  figures should be 

obtainable, 

Task 4: Study of Noise Properties 

Noise properties of electron beams have been studied. The area of 

concentration has  been concerned with beam ripple and amplification of 

noise  waves with a rippling beam. 

111. PROGRAM FOR NEXT INTERVAL 

Stanford Research Inst i tute’s  program is presented in  Appendix A. 

Microwave Electronics Corporation will 
evaluate  the TWT, after the design as  required to achieve 

low noise  figures and 
. 
. es tab l i sh ,  in  conjunction with SRI, techniques for fabricating 

the cold cathode. 
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I OBJECT1 VE 

The o b j e c t i v e  of t h i s  program i s  t h e  development of a ho t - e l ec t ron  
co ld  cathode f o r  a low-level traveling-wave t u b e .  

I1 WORK SUMMARY 

A .  T h e o r e t i c a l  

The q u a l i t a t i v e  valence theory  of metal-semicsnductor c o n t a c t s  
was s tud ied  f u r t h e r .  A s  a r e s u l t ,  a q u a n t i t a t i v e  theory  has  been 
evolved t h a t  u t i l i z e s  t h e  concept of  e l e c t r o n e g a t i v i t y .  A comparison 
has  been made between t h e o r e t i c a l  and experimental  b a r r i e r  h e i g h t s  f o r  
a l a r g e  number of metal-semiconductor combinations.  When co r rec t ed  
va lues  of work func t ion  f o r  t h e  var ious  metals are used i n s t e a d  of t h e  
mean va lues  as t abu la t ed  by Michaelson, * s a t i s f a c t o r y  agreement i s  ob- 
t a i n e d  between t h e  new theory  and experiment.  N o  such agreement, on 
t h e  o t h e r  hand, i s  o b t a i n a b l e  from simple Schot tky  theo ry .  The only  
o t h e r  way t o  account f o r  t h e  r e s u l t s  i s  through t h e  use  of t h e  concept 
of s u r f a c e  s ta tes .  The d i f f i c u l t y  wi th  s u r f a c e - s t a t e  t h e o r i e s  i s  t h a t  
no independent check can be made on s u r f a c e - s t a t e  d e n s i t i e s .  The 
e l e c t r o n e g a t i v i t y  theory,  on t h e  o t h e r  hand, can p r e d i c t  b a r r i e r  h e i g h t s  
from independent measurements of work func t ions ,  e l e c t r o n  a f f i n i t i e s ,  
and e l e c t r o n e g a t i v i t i e s .  This  new theory  has  been w r i t t e n  up as a 
paper t o  be submit ted t o  Journa l  of Applied Physics ,  a copy of which 
w i l l  be included i n  t h e  next q u a r t e r l y  r e p o r t .  

One d i f f i c u l t y  i n  using t h e  theo ry  i s  t h a t  e l e c t r o n  a f f i n i t i e s  
have no t  been measured f o r  a l l  semiconductors.  Th i s  d i f f i c u l t y  a p p l i e s  
t o  Schot tky and s u r f a c e  s t a t e  t h e o r i e s  a l s o .  For example, t h e  e l e c t r o n  
a f f i n i t y  of ZnO has  ev iden t ly  not been measured. Using t h e  new elec- 
t r o n e g a t i v i t y  theory  and t h e  r e s u l t s  of b a r r i e r  he igh t  measurements, 
an e l e c t r o n  a f f i n i t y  of 4 .8  ev can be c a l c u l a t e d  for ZnO. Th i s  com- 
pa res  wi th  a measured va lue  of 4 . 8  ev f o r  CdS, a f i r s t  cousin of ZnO. 
T h i s  h igh  va lue  of e l e c t r o n  a f f i n i t y  s a t i s f a c t o r i l y  exp la ins  t h e  i m -  
p o s s i b i l i t y  of ob ta in ing  high b a r r i e r s  f o r  metals depos i ted  on ZnO. 

The e l e c t r o n  a f f i n i t i e s  of T i 0 2  and CY-Sic have a l s o  ev iden t ly  
n o t  been measured. From t h e  e l e c t r o n e g a t i v i t y  theo ry  one can i n f e r  a 
va lue  of 4.5 ev f o r  Ti02 and 3.15 ev f o r  a -Sic .  

Th i s  new theo ry  should prove t o  be very  u s e f u l  i n  f u t u r e  
cathode work i n  t h e  proper  s e l e c t i o n  of s u i t a b l e  metal-semiconductor 
combinations.  

* 
H. B. Michaelson, J .  Appl. Phys. 21, 6,  pp. 536-540 (June 1950) 
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B .  Experimental 

A g r i d  mask was f a b r i c a t e d  f o r  evapora t ing  a t h i c k  P t  s u r f a c e  
g r i d .  Three s u b s t r a t e s  can be handled a t  once dur ing  t h e  evapora t ion  
run .  The mask has  proved t o  be s a t i s f a c t o r y  i n  a l l  r e s p e c t s .  Grid 
l i n e s  about 1-1/2 m i l s  wide spaced about 2-1/2 m i l s  a p a r t  are obta ined .  

Two complete cathode s t r u c t u r e s  have been assembled, us ing  
t h e  modified substrate des ign  shown i n  F ig .  2 of t h e  Second Quar te r ly  
Report, wi th  t h e  a d d i t i o n  of a loca t ing  c o l l a r  f o r  t h e  T i  p e l l e t ,  

Both cathodes have been t e s t e d  on a Vac-Ion pumping s t a t i o n .  
I n  both cases  s h o r t  c i r c u i t s  developed. Hot-electron emission of about 
0.3 pa was neve r the l e s s  ev iden t ly  obta ined  on t h e  f i r s t  cathode and 
about 2 pa on t h e  second cathode. From t h e  f a s t  response t o  sudden 
b i a s  vo l t age  changes it w a s  deduced t h a t  t h e  observed c u r r e n t  w a s  ho t -  
e l e c t r o n  emission and no t  thermionic  emission.  (Thermionic emission 
w a s  ob ta inab le  from both cathodes i f  s u f f i c i e n t  b i a s  c u r r e n t  w a s  app l i ed  
f o r  more than a few seconds.)  

The f i r s t  cathode w a s  t aken  a p a r t  and c a r e f u l l y  in spec ted .  
From t h e  appearance of t h e  T i  p e l l e t  i t  w a s  concluded t h a t  t h e  s h o r t  
c i r c u i t  w a s  a t  t h e  edge of t h e  l i p  on t h e  t o p  h a t .  

Ca re fu l  i n spec t ion  of t h e  second cathode dur ing  ope ra t ion  a t  
very high b i a s  c u r r e n t s  i nd ica t ed  a b r i g h t  hot-spot  a t  t h e  edge of t h e  
l i p  on t h e  t o p  h a t .  Thus it appears  t h a t  t h e  t o p  h a t  i s  s h o r t i n g  t o  
t h e  s u b s t r a t e  f o r  some reason .  Small  b u r r s  a t  t h e  edge of t h e  l i p  
might be r e spons ib l e .  We p lan  t o  t a k e  s p e c i a l  p recaut ions  i n  f u t u r e  
top-hat  f a b r i c a t i o n  t o  e l imina te  any p o s s i b l e  b u r r s ,  

Three a d d i t i o n a l  s u b s t r a t e s  have been ground t o  dimensions 
and a d d i t i o n a l  p e l l e t s  are being processed for assembling a d d i t i o n a l  
cathodes f o r  t e s t .  These new p e l l e t s  w i l l  i n c o r p o r a t e  an i n s u l a t i n g  
r i n g  around t h e  per iphery ,  with an evaporated metal l ic  r i n g  over  t h e  
i n s u l a t i n g  r i n g .  Th i s  m e t a l l i c  r i n g  should f a c i l i t a t e  t h e  e l e c t r i c a l  
con tac t  between t h e  t o p  h a t  and t h e  P t  g r i d  l i n e s  wi th  a minimum of 
con tac t  p re s su re .  

S i n g l e  c r y s t a l s  of a-Sic have been given an i n i t i a l  eva lua t ion  
f o r  poss ib l e  cathode use .  The r e s u l t s  i n d i c a t e  t h a t  t h e  c rys ta l s  are  
inhomogeneous and t h e r e f o r e  not s u i t a b l e ,  

I11 CONFORMANCE TO SCHEDULE 

W e  are  approximately on schedule,  us ing  t h e  r ev i sed  schedule  set 
up i n  December. W e  hope t o  be a b l e  t o  s t a r t  supplying cathodes on a 
s m a l l  scale t o  Microwave E lec t ron ic s  Corporat ion toward t h e  end of 
February.  
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I V  ANALYSIS OF WORK PROGRESS 

The e l e c t r o n e g a t i v i t y  theory of metal-semiconductor b a r r i e r s  could 
be an important c o n t r i b u t i o n  t o  t h i s  f i e l d .  

On t h e  experimental  side,  two complete cathodes have been assembled 
and t e s t e d .  The f i r s t  cathode developed cons ide rab le  leakage p r i o r  t o  
a 3OO0C bake-out but  survived t h e  bake-out wi th  no change. The second 
cathode developed leakage some time during a 350-to-400°C bake-out. 
Thus w e  cannot say  f o r  s u r e  y e t  what a s a f e  bake-out temperatiii-e Will 
t u r n  ou t  t o  be, on ly  t h a t  i t  i s  h igher  than 30OoC. 
emission w a s  ev iden t ly  obta ined  on both cathodes a t  dc  b i a s  vo l t ages  
between about 1 .5  and 2.0 v o l t s .  I n  f u t u r e  tests pulsed b i a s  may be 
used i n  add i t ion  t o  dc b i a s  t o  ga in  f u r t h e r  in format ion  about t h e  
o p e r a t i o n  of t h e  cathodes.  

Hot e l e c t r o n  

The r e s u l t s  ob ta ined  from t h e s e  f i r s t  two cathodes seem t o  i n d i -  
c a t e  t h a t  wi th  c e r t a i n  modi f ica t ions  t h e  design may b e  adequate .  
Mechanically and thermal ly  t h e  cathodes appear t o  be  very rugged. 

V RELIABILITY 

The forward c u r r e n t  through t h e  Ti02-Pt diode on l i f e  t es t  has  
diminished wi th  t i m e .  Other workers have noted such decreases  and have 
a t t r i b u t e d  i t  t o  ox ida t ion  of t he  pa r t i a l ly - r educed  oxide .  Such oxi -  
d a t i o n  could no t  t a k e  p l ace  i n  a good vacuum, of course .  W e  are thus  
hopefu l  t h a t  cathodes i n  vacuum w i l l  possess  long-term s t a b i l i t y .  
Ac tua l ly  t h e  r eve r se  process  could occur  i n  vacuum, p a r t i c u l a r l y  a t  
e l e v a t e d  temperatures  such as occur  during bake-out.  That is ,  t h e  
oxide  could become even f u r t h e r  reduced, lead ing  t o  inc reased  forward 
c u r r e n t s .  Hopefully t h i s  w i l l  not  occur a t  normal ope ra t ing  tempera- 
t u r e s  , however. 

V I  ADEQUACY OF FUNDS 

A s l i g h t l y  h ighe r  l e v e l  of funding appears  t o  be  r equ i r ed .  About 
a 15-percent i n c r e a s e  i n  r a t e  of funding would approximately match t h e  
c u r r e n t  spending r a t e .  

V I 1  PERSONNEL CHANGES 

No changes i n  personnel  were made dur ing  January  1965. 

V I 1 1  PROGRAM FOR JANUARY 1965 

(1) Assemble and tes t  a d d i t i o n a l  cathodes inco rpora t ing  
improvements designed t o  e l i m i n a t e  t h e  s h o r t  c i r -  
c u i t s  ob ta ined  on t h e  f i r s t  two ca thodes .  
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( 2 )  Begin d e l i v e r y  of cathodes t o  MEC. 

Submitted by: 

L m / C  Donovan V.  Geppeft 

Sen io r  Research Engineer 
Phys ica l  E i e c t r o n i c s  Laboratory 

Approved by: 
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P h i l i p  Rich, Manager 
Phys ica l  E l e c t r o n i c s  Laboratory 
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